This case study describes a 44-year-old, chronically non-adherent, HIV-infected male with relapsing, life threatening toxoplasmic encephalitis (TE) and other recurring opportunistic infections. Non-adherence resulted in critical illness, suppressed CD4 lymphocyte count and elevated viral load. In order to bypass the patient's complete psychological aversion to taking medication, and after exhausting various psychological interventions, a percutaneous endoscopic gastronomy (PEG) tube was inserted for delivery of indispensable medication. During the 15-month follow-up the patient was adherent, exhibiting a consistently undetectable viral load, high CD4 count and a remission of the opportunistic infections. This is an interesting case study demonstrating life-saving and long-term benefit of PEG in an exceptional setting, which has implications for future research and treatment of non-adherent HIV-infected patients.
Introduction
Antiretroviral therapy (ART) has markedly reduced AIDS-related mortality and morbidity with a decline in the rates of hospitalization and opportunistic infections associated with HIV-1 infection (Hogg et al., 1998; Palella et al., 1998) . The most important factor for a long-term success of ART is the continuous reduction of HIV-1 viremia below the limit of the current detection assays, usually below 50 copies/ml. However, failure to adhere to ART rapidly selects genetic variants with decreased drug susceptibility resulting in loss of viral control and, ultimately, in progressive immunodeficiency. Hence, adherence to the prescribed regimen is essential for successful treatment and therefore has been termed the ''Achilles heel of antiretroviral therapy'' (Sherr, 2000) . Of note, in patients with 95% or greater adherence, virologic failure was found in only 22%, no new opportunistic infections or deaths occurred and they spent fewer days in the hospital (Paterson et al., 2000) . Unfortunately, despite the importance of strict compliance, it is estimated that 18Á54% of HIV-positive individuals are non-adherent to ART (Catz et al., 2000; Tesoriero et al., 2003) . Estimation of patients' adherence in studies included different methods. Besides electronic monitoring, pill counts and refill history, which are complex, time consuming and impractical for most clinical settings, selfreported adherence although an indirect measure is simple and predicts important virological and immunological outcomes (Haubrich et al., 1999) .
For patients with advanced HIV-1 infection where malnutrition is an important cause of morbidity and mortality, a percutaneous endoscopic gastrostomy (PEG) tube has been shown to be a safe and effective method of providing nutrition in patients who are unable to swallow food (Crotty, McDonald, Mijch, & Smallwood, 1998) . Moreover, PEG enables a long-term nutritional support improving quality of life in those patients (Cappell & Godil, 1993) . Here, we describe the case of a patient with advanced HIV infection and a life-threatening relapsing toxoplasmic encephalitis (TE) who was not able to take antiretroviral drugs and antibiotics due to a psychological block to swallowing tablets. Delivery of indispensable drugs via a PEG tube resulted in long-term improvement of both infections with an ultimate clinical stabilisation.
Case report
In May 2005, the 44-year-old, HIV-infected, Caucasian, male patient presented with a transient dysarthria, left sided central facial paralysis, right sided palsy and hypaesthesia. Magnetic resonance imaging (MRI) revealed a solitary mass lesion in the left fronto-parietal lobe with typical contrast enhancement strongly suggesting central nervous system toxoplasmosis. Laboratory analysis showed a low CD4 lymphocyte count of 18/ml and a high plasma viral load of 130.000 HIV-RNA copies/ml. The patient was diagnosed with HIV-1 infection in 1993 and since then he has been on various ART. Due to the side-effects of several drugs, such as efavirenz and various protease inhibitors, it was necessary to modify his ART regimens several times. Since the start of therapy, his viral load could never be suppressed and his CD4 counts remained below 40 cells per microliter. Although the patient denied generally missing medication in the past it was suspected that the lack of response to ART might be secondary to poor adherence to his medication, because HIV-1 resistance testing consistently confirmed viral susceptibility to the majority of prescribed drugs. A phenotypic resistance test performed two years earlier showed resistance to 3TC and to all NNRTIs but susceptibility to all available PIs and all other NRTIs. At admission, the patient reported that he had stopped his antiretroviral medication four months ago because of abdominal discomfort. Anti-Toxoplasma treatment was started with pyrimethamine at 100 mg per os and intravenous (IV) clindamycin 600 mg with subsequent clinical and radiological improvement. The neurological symptoms disappeared and the cerebral lesion significantly diminished ( Figure 1A and 1B) . A concomitant CMV gastritis and oropharyngeal candidiasis was successfully treated with foscarnet and IV fluconazole. Because of the long treatment history with antiretrovirals and the results of previous resistance tests, we initiated a broad antiretroviral combination regimen including nelfinavir, tenofovir, zidovudine, lamivudine and abacavir. Nelfinavir was chosen because of his aversion to ritonavir and lopinavir/r. Due to his difficulties with swallowing oral drugs he received liquid formulations of abacavir, zidovudine and lamivudine. At discharge, three weeks later, the viral load was markedly decreased to 170 copies/ ml. As the results of the genotypic resistance analysis indicated only intermediate sensitivities to nelfinavir, lopinavir and atazanavir, we switched nelfinavir to ritonavir and boosted fosamprenavir that displayed full genotypic activity. During the following weeks he showed rising viral loads (22,000 copies/ml), presumably due to low compliance as serum levels of amprenavir were below the detection limit of the assay. As he indicated difficulties with swallowing ritonavir capsules, we prescribed liquid ritonavir and stressed the importance of compliance. Five months later, he was rehospitalized in critically ill condition with a left sided central facial palsy, headache, fatigue, herpes labialis and oral thrush. An MRI showed a new large active cerebral mass as well as multiple other lesions consistent with cerebral toxoplasmosis ( Figure 1C ). As the patient insisted on a good adherence to his medication including oral anti-Toxoplasma therapy, a brain biopsy was performed which excluded lymphoma and a relapsing toxoplasmosis was proven by polymerase chain reaction. He showed a high plasma viral load with 160.000 HIV-RNA copies/ml (Figure 2 ). Genotypic resistance analysis showed full sensitivity to all then available RT-inhibitors and protease inhibitors (including amprenavir) except for an only intermediate sensitivity to atazanavir. As the amprenavir concentration was again below the detection limit, reduced adherence, rather than altered absorption or elimination, was suspected as the cause of low drug concentrations. Only after repeated questioning, the patient admitted to a complete psychological inability of selfapplication of oral and subcutaneous antiretroviral and antimicrobial treatment.
In accordance with the patient, a multidisciplinary care team including the medical staff, nurses and psychologists created a patient-tailored approach by combining several psychological interventions in order to overcome his medication non-adherence. As a part of the educational interventions, the patient was provided with information on HIV therapy. He also received individualized education about the importance of adherence in a context to increase intrinsic motivation for change by addressing potential strategies aiming to support adherence to medication. Further, cognitive behavioural stress management was tried to reduce stress and decrease depressed mood. Guided by a psychologist, the patient was taught a variety of relaxation exercises, including progressive muscle relaxation, autogenic training and meditation. He was encouraged to examine potentially distorted cognitions and negative perceptions of medication intake and how these may influence his adherence. The larger stressor of adherence should be broken down into smaller, more manageable components and then matched to a productive coping response. Together with the patient we made efforts to optimize social support from his partner and family. We instructed his partner to assist with and help take responsibility for the patient's medication-taking and adherence.
Despite all these educational, behavioural and social interventions, he was not able to overcome his severe aversion to oral intake of drugs, also to drug combinations, which he could tolerate without sideeffects. Of note, the patient had a normal intake of food. Therefore, given the critical situation with progressive immunodeficiency and recurrent toxoplasma encephalitis, various interventions being exhausted, a PEG tube for administration of medication was placed endoscopically without complications with the patient's consent. The procedure was performed with conscious sedation using intravenous midazolam and pethidine. After identification of the optimal puncture site, a 20 F tube (Fresenius Kabi, Bad Homburg, Germany) was endoscopically placed using the standard pull technique.
Given that the procedure is not routinely performed in this setting, pros and cons of practical and ethical aspects were extensively discussed with the patient. On the one hand, we talked about practical aspects such as the risks associated with the procedure itself and possible consequences like wound healing problems. On the other hand, the low complication rate of this common procedure, the benefit from PEG placement as a means to provide oral medications at home and, given a regular administration, the possibility to control HIV and other infections were discussed. Although PEG placement is not routinely performed in such situations, together with the patient, we considered it is as a chance to manage this critical situation. Moreover, we conferred with the patient that the PEG was not intended to be permanent, since as soon as the patient overcame his inability, while receiving further support to accomplish that, the PEG tube would be removed.
The ART via PEG was continued with liquid formulations of lopinavir, low-dose ritonavir, abacavir, tenofovir and lamivudine. In addition, his partner was instructed to apply enfuvirtide subcutaneously. For the toxoplasma treatment we applied orally pyrimethamine and clindamycin in combination with the application of liquid atovaquone via his PEG tube. This approach led to a significant reduction in Toxoplasma lesions (Figure 1 C, D) , a sustained decrease in HIV-RNA copies and an increase in CD4 counts during the following months (Figure 2) . Over a follow-up of 15 months the patient remained asymptomatic without relapse of the toxoplasma encephalitis and his viral load was continuously suppressed to less than 50 copies per milliliter. He used his PEG for the whole period of 15 months, as all efforts to take oral medication had failed so far, despite intensive medial and psychological support. Only recently, while being on constant psychological therapy, he has made a new attempt to switch to an oral medication.
Discussion
We describe a male, non-adherent patient with advanced HIV infection presenting with life-threatening relapsing toxoplasmic encephalitis in whom application of indispensable drugs via a PEG tube resulted in the successful control of his HIV-1 and Toxoplasma infections.
The patient admitted to have certain problems in taking specific drugs, especially protease inhibitors consisting of large capsules, but he insisted on overall good compliance with regular intake of the drugs in the face of evidence to the contrary. The denial of his non-compliance occurred despite efforts and interventions described above to decrease side-effects and to improve the tolerability of drugs. An important reason for this denial, as the patient told us, was the fear of disappointing his partner, family and the medical team by confessing his ''weakness'' in following the medical recommendations. Denial and adherence difficulties are not rare in severely ill patients and they have been reported in patients with advanced HIV-1 infection. Unfortunately, strategies to identify these patients have not been defined yet (Miller & Chang, 2002) . An important indicator of non-compliance is the presence of a high HIV-1 viremia without the presence of drug resistance mutations. It has been suggested that virologic failure may occur even without the development of known drug resistance mutations, however, these rare cases seem to originate mainly from pharmacological problems, such as low serum or intracellular drug levels, and less from yet-unknown resistance mechanisms. Determination of drug serum levels allows the control of drug intake; however it can be confounded by restarting drug intake just before the outpatient visits. Thus, measurements of serum levels should be performed repeatedly when suspecting non-compliance.
We assume that, in the beginning, his compliance problems were triggered by previous experiences of drug-related side-effects inducing a severe aversion to oral drugs. Initially, this aversion to drugs may have been augmented by the discomfort due to the encephalitis and the gastrointestinal CMV infection. However, this psychological barrier continued, even after improvment of the opportunistic infections and the initiation of drug combinations that were well tolerated by the patient. Similar psychological blocks have been observed also in cancer patients experiencing strong side-effects, especially after emetogenic cytostatic therapy. This case underlines once more the necessity of a pro-active management of side-effects of drugs to avoid the development of negative psychological barriers that could jeopardize future therapy.
After the patient at last conceded his nonadherence, efforts to improve adherence were increased by employing psychological care. Although he reported on a certain benefit from this approach, intensive psychologic treatment did not lead to improvement of his psychological inability. As the patient was suffering from the life-threatening toxoplasmic encephalitis, we tried to overcome his severe aversion by the placement of a PEG tube, despite the potential risks of wound infection as common complications in those patients (Crotty et al., 1998) . Finally, this procedure proved to be highly successful with subsequent control of his HIV-1 infection and the severe encephalitis. Over a time of 15 months the patient still uses his PEG tube without local infection or other complications.
In summary, this unique case demonstrates the life-saving value of a PEG in the clinical management of patients having problems with the oral selfapplication of medication. To our knowledge, within the field of ART, this is the first description of a clinical management using a PEG tube for administration of medication in the setting of a mainly psychologically induced non-compliance during a critical opportunistic infection.
